synaptic strength are attributed to changes in existing synapses, it has been proposed that long-term changes in synaptic strength are accompanied by structural re- late in the freely moving animal. Immediately after stimuFormation of synapses during development is thought lation, they analyzed the layer IV neuropil, using serial to depend upon both genetics and environmental influsection electron microscopy. Remarkably, after this relences. Initial establishment of synaptic connections ocatively brief period of stimulation, they observed a 35% curs independent of experience, followed by a period increase in synapse density specifically in the barrel of experience-dependent refinement. A common view corresponding to the stimulated whisker. held that, after this critical period of fine-tuning, the Most excitatory synapses in the cortex occur on denresulting configuration of synaptic connections redritic spines, tiny protrusions emanating from dendrites. mained unaltered throughout the lifetime of the animal.
rules, such as those proposed by Hebb. However, it is sometimes not appreciated that these mechanisms can only work in conjunction with powerful homeostatic mechanisms that keep neuronal activity in a reasonable operating range, preserving network stability (Turrigiano and Nelson, 2000). Homeostatic rules predict that increases in network activity, such as those produced by the chronic whisker stimuli used in the Knott et al. study, should lead to a decrease in excitability. The synaptic changes observed by Knott et al. are consistent with homeostatic mechanisms working to reduce the excitation flowing into cortex from the overstimulated whisker. The observed increase in inhibition will act to reduce the excitation of layer 4 neurons in response to sensory stimuli.
This picture is consistent with the physiological consequences of the 24 hr whisker stimulation protocol. Knott et al. performed single unit recordings in layer 4. after whisker stimulation? A simple hypothesis can be formulated based on absolute numbers. After stimulation, the increase in the number of excitatory synapses one whisker stimulated for 24 hr and were subsequently exactly matches the number of additional inhibitory synreturned to their home cages. After 4 days, spine density apses (Figure 1 ). The increase in inhibitory synapses and total synapse density had returned to prestimulus can be accounted for by new synapses on spines. Furvalues, demonstrating that the experience-dependent thermore, spines with an inhibitory synapse always also increase in synapse density was transient. However, contain an excitatory synapse (Micheva and Beaulieu, the distribution of inhibitory synapses remained shifted 1995). Together these data suggest that, in response to toward spines, with 32% of inhibitory synapses sharing whisker stimulation, inhibitory synapses grow preferenspines with excitatory synapses (Figure 1 ). This sugtially on new spines and that spine growth or stability gests that some of the newly formed inhibitory synapses requires the existence of an excitatory synapse. persisted for at least several days.
Similar approaches combining ultrastructural analysis What could be the functional significance of inhibitory with single unit measurements could be used to address synapses on spines? In terms of inhibition, synapses some of the important remaining questions. Do inhibion spines and dendrites with similar conductances will tory and excitatory synapses grow simultaneously or in have essentially equal effects on neuronal excitation a stereotyped sequence? What aspects of the stimulus (Svoboda et al., 1996) . However, excitatory and inhibidetermine the number and types of synapses that are tory synapses sharing the same spine will be spatially generated? Do receptive field changes correlate with in close proximity and therefore poised to interact chem (Huang et al., 1999) . Finally, it has been demonstrated that 6 hr of whisker stimulation causes an addition occurs and precisely which synapses are being added. It is through in vivo imaging in combination with increase in BDNF expression specifically in the stimulated barrel cortex (Rocamora et al., 1996) . ultrastructural analysis that we will have our first convincing glimpses of nascent central synapses in the inThese data support a model in which activity-dependent upregulation of BDNF leads to spine growth and tact adult brain. recruitment of new inhibitory synaptic connections.
